kEfi. Other advantages of the power supply are its inherently short-circuit protected operation, the low di/rdt at the MOSF'ET turn-off that allows the parasitic MOSFET diodes to be used, and the low conduction losses in ESR of the rectifier fdter capacitor.
I. INIRODUCITON
In last years, designers have been trying to increase the converter switchmg frequency to achieve volume and weight reduction. This results in small transfmers, filter chokes, and filter capacitors. Resonant dc-dc converters represent the most promising solution to the problem of high power-demity power supplies and noise level reduction. They are collstituted of a resonant inverter and a rectifier coupled with a transfomer that provides the galvanic insulation between the iugh voltage input and the low voltage output and the proper voltage transfer function by means of its turns ratio n. The reduction of switchmg losses makes them suitable for a high-frequency operation. Main limitations of some resonant converters are high peak currents in the inverter section and high reverse voltage across power transistors; e.g. in the class E inverter the maximum reverse voltage may be four times higher than the dc input voltage VDD [I-31. Class D resonant inverters have a low voltage stress on power transistors, equal to VDD For this reason, they can be used for applications in off-line power supplies, where the rectified dc input voltage is htgh, e.g., VnD= fi X220 X 1 . 2 =370 V in Europe . Moreover, low cost power transistors with a low RON and low parasitic capacitances can be used and both conduction and switching losses are reduced.
Other papers [4] [5] [6] show resonant dc-dc converters operated below the resonant frequency. However, this operation requires fast external antiparallel diodes in the invertex circuit. Moreover, only turn-off losses are eliminated. The power lost at the turn-011 is simply transferred to external snubber circuits. Practically, spikes in the switch current waveforms are present at both the --on and turn-off.
The purpose of this paper is to present a power supply that operates over a wide-load and line range, I,= 0.25 -2.5 A and VDD = 100 -370 V, which corresponds to line ac voltage from 75 to 275 V , ,
. Therefore, the circuit is called a full-range power supply. The sip!kance of the paper is that the power supply operates with a high-efficiency operation with a low number of easily available components and, therefore, represents a satisfactory solution to the need of low-cost and high power-density power supplies.
Other advantages of the presented power supply are as follows:
The turn off losses are almost zero over the entire load range because the current in the inverter is almost load independent. It is inerhently protected against load short circuit. a safe no-load topology is achieved if the switchmg frequency is kept close to the resonant frequency. Parasitic components, as such as MOSFET parasitic diodes and capacitances, are absorbed in the circuit operation. Low number of currently available devices can be used in assembhg the power supply so that both the high powerdensity and low-cost requirements are satisfied.
II. PRINCIPLE OF OPERATION
The converter circuit is obtained with a parallel resonant inverter and a class D voltagexiriven center-tapped rectifier [7, 8] with one capacitor in parallel with only one power MOSFET, as shown in Fig. I . This provides reduction of the turn-on losses in both MOSFETs. The parallel resonant inverter circuit is better than the series resonant [ 1 1,15,16] because it is able to regulate the dc output voltage Voover a wide load range, e.g., &om 10 YO to 110 % of the nominal output current as normally required fkpm design specifications. Moreover, it has an efficiency which increases with output current. The parallel class D inverter has is chosen because the series-padlel class D inverter has a lower full-load efficiency [10, 15, 16] . The circuit is operated at the continuous current mode above the resonant fkequency f, over the enhre load and input voltage ranges. The principle of operation of class D inverter is explained by the waveforms shown in Fig. 2 : the current in the resonant circuit is hqggmg the voltage applied across the switches (that is, the hdamental harmonic of the square wave applied). As For operation above resonance (f > f,), MOSFET Q, conducts during the time interval tz -r3 , MOSFET Qz is OFF and the voltage vDs2, which is also the voltage across C, , is equal to the dc input VDD. From time t3 to t4 , the gate-to-source voltage turns Q, off and Q2 is still off because of the dead time to. After time t4, the current of the resonant circuit is diverted from Q, to the shunt capacitor C, , the voltage vDS2 decreases according to i, = dvDs /dt, and vDS, is forced to increase fkom zero to VDD. As a result, vDs, slowly increases and crosses the decreasing current at almost zero level.
After half a period, the voltage and current waveforms of Qz have the same waveforms of those of Q,; therefore, Q, turns on with zero power loss and turn-off loss is also reduced for Qz.
III. DESIGNEXAMPLE
An off-line power supply was designed to meet the following Specifications: 1) output power Po = 24 W at an output voltage Vo = 12 V, 2) input dc voltage VDD ranging from 100 V to 370 V, that is, an ac 3)&= 300kHz.
Using the results of previous analysis (71 and wing a loaded Vertical: 185 V/div. for vaa and 1 Aldiv. for is; harizontal: 500 pSJdiv. Fig. 7 shows the current wavefonn tbrough the Primary windug of the transfmer and the output voltage ripple vr The current was a square wave as expected, and the peak-to-peak voltage ripple was as low as 100 mV, which is less than 1% of the output voltagc. 
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